Interdependence of social-ecological systems (SES) across the globe is rapidly increasing through increased connectivity, for example, through flow of information and trade. This case study of highly remote Himalayan villages in West Sikkim, India, explores how crossscale interactions can shape the development of a local SES. In-depth interviews across four different institutional scales-state, district, gram panchayat unit and ward, show a rapid shift from subsistence farming to commercial monocultures of large cardamom in the lowland villages of the region. This, alongside a failure to address diverse needs within the policy implementation context, has resulted in economic inequality between lowland and upland villages. The interaction between state policies for conservation, national agriculture and food subsidies, and the effects of globalization are reducing the diversity of foods for the communities, as they become dependent on external markets and government subsidies for income and food. The case study is an example of how imposing uniform institutions can threaten SES to become increasingly homogenized and vulnerable to shocks.
Introduction
Social-ecological systems (SES) are highly intertwined across geographical space and time (Young et al. 2006 ). This has become increasingly clear through the growing use of the concept of the Anthropocene, described as a new geological era, recognizing that natural processes are now human dominated (Crutzen 2006) . Interdependence of SES across the globe is rapidly increasing through the flow of information, trade and other processes of connectivity associated with globalization (Liu et al. 2015a) . Connected SES can behave in 1 3 nonlinear and unpredictable ways where an action in one part of the world can have a direct and immediate impact on another (Liu and Alexander 2007; Young et al. 2006) .
If it is true that the entire planet is connected, then how should SES be governed for development on an interconnected Earth? Development occurs over time, at different geographical locations, in multiple institutions, and has diverse effects on actors with various incentives and priorities (Berkes 2002; Cash et al. 2006 ). Higher-scale institutions often assume homogeneity of contexts they seek to govern (Young 2002; Ostrom and Cox 2010) which can cause problems with institutional "fit" (Folke et al. 2007 ). Further, "numerous system influences and feedbacks affect management outcomes, but these feedbacks unfold under the influence of a diverse range of external influences and constraints" (Sayer et al. 2013: 8351) . In order for effective cross-scale management (Berkes 2002; Ostrom and Cox 2010) , there is a need to develop an understanding of linkages across social and ecological scales (Folke et al. 2010) .
In this paper, we present a case study from one of the most remote regions of the world (Anonymous 2015) , namely, villages in the Eastern Himalayas of India, in West Sikkim. Our aim was to understand: (1) How historical and present development of the local agriculture has been shaped by drivers of change at other geographical scales and (2) How the implications of (1) have shaped the SES capacity to cope with and adapt in the face of change (Folke et al. 2010) . We addressed the question: How have local context, historical policies and interconnections across scales influenced the SES of the case study? We describe observed changes in local agricultural practices over time, through analysis of cross-scale perspectives from participants of the case study.
Theoretical framework
We construct our theoretical framework around cross-scale interactions and explain the linkages between different scales and within individual SES (Fig. 1) . We use an SES lens which "emphasizes the humans-in-nature perspective" (Folke et al. 2010: 3) . SES properties emerge across multiple variables of space and time due to countless interactions between social, economic, political and ecological contexts (Ludwig et al. 1993; Folke et al. 2007 ). The recognition of interdependent sociocultural, ecological and economic components of SES (Folke et al. 2007 ) allows for broader governance to fit SES attributes (Galaz et al. 2008 ). The opposite is defined as the problem of fit (Folke et al. 2007 ) and specifically as institutional misfit (Brown 2003) .
Scale and cross-scale interactions are phenomena that interact either at the same scale or across scales and give rise to complex dynamics (Cash et al. 2006) . Adger et al. (2006) argue that cross-scale linkages evolve and are maintained through the self-interest of organizations involved in resource management. Choosing to act on a single scale can favor or neglect certain problems (Jordan et al. 2010) , thus serving the interests of powerful actors (Reid et al. 2006 ). Therefore, cross-scale interactions can either increase or decrease the resilience of any system with or without deliberation. Resilience is defined as "the ability of a system to absorb disturbance and still retain its basic function and structure" (Walker and Salt 2006: 1) .
From a conceptual and theoretical perspective, maintaining the diversity of local SES creates heterogeneity of components, which provide options in the time of shocks and uncertainty (Kotschy et al. 2015) and increases social-ecological resilience. Conversely, homogenization of SES leaves fewer options (for example, the case of the Norway spruce 1 3 in Scott 1998 ; the Northern Highlands Lake District in Walker and Salt 2006) that become incapable of responding to unforeseen shocks (Walker and Salt 2006) . A range of different interests, differences in ethnicity (Bardhan and Daton-Johnson 2002) and power imbalances (Reid et al. 2006) can also lead to conflict due to lack of cooperation, and fewer opportunities of implementing shared knowledge (Jordan et al. 2010 ). Heterogeneity such as locational differences can lead to unequal distribution of resources (Bardhan and DatonJohnson 2002) . Cross-scale management can thus incorporate diverse SES traits through the implementation of diverse institutions (Ostrom and Cox 2010) and alter resilience.
Materials and methods
In this section, we provide a background of the case study region and explain the method of qualitative interviews which was supported by a food plate activity, to understand changes in the agricultural system over time. We analyze direct and indirect drivers of change, which include development interventions as well as the ecological, political and economic contexts.
Fig. 1
Any local SES has an economic, ecological and social context that interacts with each other and higher institutional scales over a period of time. The (lack of) management of such cross-scale interactions can affect the resilience of SES. Each individual SES (for example, mountain, grassland and desert) has its own diverse properties, creating heterogeneity of contexts 1 3
Our study investigated interactions at two scales ( Fig. 1): (1) Institutional scale-To suit the context of the study, "jurisdictional" scale in Cash et al. (2006) is replaced by institutional scale. (2) Temporal-This scale highlights that SES have their own distinctive histories over which the system develops (Scott 1998; Evans 2004) . The aggregation of changes makes a local SES what it is at "present" and defines its future.
Case study background
Sikkim was formerly an independent kingdom and became part of India in 1975. It is situated in the Northeast Himalayas, and home to the Khangchendzonga National Park (KNP), which covers 25% of its land area. The park harbors a rich biodiversity, including the state symbol-the red panda (ailurus fulgens), and 36 species of rhododendron trees (Sikkim Biodiversity Conservation and Forest Management Project 2012). About 65% of the population in Sikkim engages in agriculture, which is "undergoing rapid transformation driven by rising globalization, and genetic resources and traditional knowledge are steadily eroding. " (2016b " ( :v Sharma et al. 2016 . In early 2015, the state was declared as the first fully organic state of India, after having banned the use of chemical fertilizers and pesticides for over ten years.
The central (national) government is considered the highest institutional scale in this study. The state of Sikkim is in the Northeast region of India, under the Ministry of Development of the Northeastern Region. Sikkim is divided into four districts, of which the case study area falls under the West district (Fig. 2) . A district is divided into Fig. 2 The field site is located in the West district (blue outline) of Sikkim, close to Khangchendzonga National Park (KNP) and Nepal Source: Google Maps "blocks" headed by a block officer, and a block is further divided into Gram Panchayat Units (GPU), which is then further divided into wards. A ward is consequently the lowest scale of this study, headed by a sarpanch or the village head, who is elected by the local people and in theory is responsible to communicate people's needs to the higher levels. A ward may consist of several villages.
The ward chosen for this study is located close to the KNP, near the Eastern border of Nepal (Fig. 2) ; and the highest village is at an elevation of approximately 3000 m. The population of the ward is less than 300 people (Census of India 2011). The villages are inaccessible by road, thus all social, cultural and economic activities are conducted on foot (Fig. 3) . The lifestyle of this mountain community has been shaped by surrounding forests. The first people migrated to Sikkim from Nepal in the early 1900s. The main occupation of the people used to be agropastoralism. Agriculture was mostly practiced for subsistence and pastors used goths (cattle sheds) and hired a gothwala (care-taker) for cattle grazing in the forests. In 1977, their neighboring forest was declared protected under the title of KNP (Maharana et al. 2000) . They use the freshwater river as their only source of water and more recently for irrigation. The livelihoods of the people and their relationship with nature have been shaped by development interventions made at different scales by both governmental and non-governmental organizations. The case study area was chosen because of its exceptional remoteness of the region, and the fact that the SES is in a rapid phase of change and development. It provides a unique setup to understand the impact of cross-scale interactions on a local SES. 
Semistructured interviews
The fieldwork spanned over a period of three weeks in November 2016. Face-to-face interviews were conducted at four different institutional scales (state, district, GPU and ward or local) using a snowball sampling method, of which 15 interviews of respondents (R1-15) ( Fig. 4 ; Appendix 1 Table 5 ) were used for analyses. For this study, the ward was divided into "upland" and "lowland" based on the difference in altitudes. The upland dwellers gain less profit than those in the lowland due to smaller land holding size and higher head-loading charges of transporting heavy loads over longer distances on foot. The upland region is also incapable of growing the profitable large cardamom spice unlike the lowland due to the difference in temperatures and thus invests in growing vegetables and rearing larger stocks of cattle. The ward name is not disclosed and official government positions are generalized as heads of departments in most cases, in order to maintain anonymity of respondents.
Two sets of semistructured narrative interviews (Kvale 2007) were designed, one for village and another for government actors. Narrative interviews are useful in cases where changes occur over a temporal scale in which past events are linked to the present (Kvale 2007) . The aim was to illustrate changes in the local agricultural system over the last 25-30 years along with the perceived drivers of observed changes. This method facilitated collection of narratives at different scales to create a single complex narrative through time, given the different personal experiences of actors interviewed. Here, we acknowledge the possible presence of shifting baselines (Papworth et al. 2009 ) of individuals. 
Participatory food plate activity
A participatory activity was conducted to triangulate information collected during interviews. The aim was to allow participants to collectively recall food habits of the past.
Two teams "A" and "B" were asked to "prepare" a meal from their daily food by illustrating every possible ingredient on a paper that had a pre-illustrated empty "food plate" in the form of a simple circle. The participants had to mark ingredients bought from the market. A suggestion from a team member introduced another marking for items that were sometimes bought from the market but other times grown in their fields.
Both teams discussed what they had "prepared" for the day's meal. The teams were then combined to repeat the steps but this time a meal from as far back as 25-30 years ago was prepared. They then discussed changes in food diets and ranked the top three drivers.
Results
The local history can be divided into two major demarcations. First, "the merger" of the kingdom of Sikkim with democratic India in 1975, divides the local Sikkimese history into pre-merger and post-merger periods. Second, "the grazing ban," implemented in [2002] [2003] in the area of the case study (R1, local scale), divides the local history into a pre-and post-grazing ban periods.
The merger of Sikkim had three major consequences on the local SES. First, Sikkim came under the institutional framework of democratic India and there was a major shift in policies from the past monarchic rule.
"When we were a kingdom, we used to have more [subsistence] agriculture. In my perception, when there was democracy, things changed. By calling people poor, they started giving 'benefits'. Slowly, people started depending on that." (R1, local scale, lowland)
The merger brought new opportunities and opened new markets, thereby increasing external demand for dairy products. This resulted in an overall increase in cattle population in several parts of Sikkim (Tambe and Rawat 2009) . Second, post-merger, the old system of patta (tax) on grazing domestic animals and cutting of certain species of trees in the forests, fell out of use. However, it is not clear how strictly regulated the tax system was in the past. Third, the local SES, comprising of villages in the upland and lowland, now came under the jurisdiction of the same ward despite the difference in altitudes.
Drivers of change, impacts and outcome
Besides the historic context, there were three main (sets of) drivers 1-3 that interacted with one another at different scales, causing three major impacts at the local SES ( Fig. 5 ): (I) a shift from subsistence to commercial farming, (II) limited livestock and (III) restricted access to forests. The overall outcome at the local SES is that (a) there is a reduced diversity of food and food sources and (b) the system is becoming increasingly dependent on external food markets and government subsidies. This has resulted in multiple threats to the resilience of the local SES (Table 4) .
Driver 1: conservation goals
Policy implications of forest conservation altered traditional livelihoods, which caused outmigration, increased the wild animal population and thus contributed to commercial farming as an alternative to subsistence livelihoods. It also restricted the community's use of forest resources (Fig. 5, 6 ). Post-merger, the Wildlife Protection Act (1972), became applicable to Sikkim, making it illegal to kill wild animals. According to respondents across every scale, Sikkim is known to be one of the strictest states in implementing conservation-related laws. These steps have potentially increased forest cover, wild animal population, and thus the number of incidences of wild animal interference (mainly eating subsistence crops) according to a majority of interview participants, causing a shift from subsistence to commercial farming. Production of a main staple, phapar (buckwheat), along with ooa (described as similar to wheat by a respondent, R1), took place through the practice of slash and burn. But according to respondents in the lowland, the practice was banned due to risk of forest fires which terminated the production of those crops.
In 1999 the Sikkimese government banned cattle grazing in selective parts of KNP (Tambe and Rawat, 2009 ). In 2002-2003 the ban was implemented in the region of the case study. The reason for implementing the ban was "serious degradation [of forests]" due to overgrazing (Tambe and Rawat 2009: 95) . The immediate effect was a complete loss of the traditional livelihood ( Fig. 5 ) of cattle herding through the gothwala system. The average annual net income previously earned from livestock products such as yak ghee (fat), churpi (cheese), milk, meat and calves by a herder in West Sikkim, dramatically dropped from INR > 25,000 to INR < 12,000 post-grazing ban (Bhagwat et al. 2012 ). This led to outmigration for tourism-related jobs, which meant less helping hands on the farms and a stronger push toward commercial farming (Fig. 6) . Consequently, the increased income savings from commercial farming sales potentially increased the trend of outmigration for education and job opportunities outside the villages. Lack of reforms by the government Drivers that interacted with one another at different scales and caused impacts at the local SES of a shift from subsistence to commercial farming, limited livestock and restricted access to forests. The outcomes are a reduced diversity of food and food sources and dependence on external food markets and government subsidies to improve ex-herders' livelihoods post-grazing ban, and its selective and partial nature causes frustration among them even today: "The government did nothing. We traded 18 yaks. We got Rs. 30,000 and did not get [the remaining] Rs. 81,000 They wrote it on paper. They said after 4 months we will come and give it. But they did not come. This was in 2004. Now we are in 2016." (R5 local scale, upland) Furthermore, the conservation goals of the Forest Department and conservation NGOs alike do not seem to match the village community's thinking. One of the respondents explains how he is part of a community conservation program and finds himself to be in a difficult position about "protecting" "wildlife":
"On the one hand, I am the protector. For example, I have to save 'wildlife' and 'protect' it. But in turn they come and destroy our agricultural fields." (R1, local scale, lowland)
Driver 2: commercial agriculture intensification
The context of external demand (A), policy drivers (B-D), and their interaction contributed to a further shift to commercial farming (Fig. 5) . Table 1 summarizes the impacts of the drivers at the local scale. While this shift contributed to farmers' income/savings, it also brought about economic inequality between the upland and lowland (Fig. 6 ). Post-grazing ban, the lowland has been converting into monocultures of large cardamom, a cash crop, and the upland grows mixed vegetables, which yields less profit. The change in lowland farming has been described as following: 
Driver 3: subsidized food policy
After the merger, the public distribution system (PDS) was introduced to the local SES from 1985 onward, where below poverty line (BPL) ration cardholders could claim free rice of 35 kg, per family, per month. The policy was recently reformed by the National Food Security Act (NFSA) to allocate 5 kg of rice for Rs. 3 per family member per month to a new category of Antyodaya Anna Yojana (AAY) cardholders-that makes it possible to include a larger population of poor people who are above the poverty line, yet poor (R16, Food and civil supply head, district scale). Along with the shift to commercial farming (Figs. 5, 6 ), it impacted the village actors differently because of varied needs and land holding sizes (Table 2) . It also competed with the state's cereal crop market (Table 2 , Fig. 6 ). The criteria for selection of AAY cardholders is based explicitly on economic surveys and not the type of crops farmers grow (R16). Rice was a preferred dietary choice due to its availability and perceived better "taste," but the food in the past was also perceived to be healthier or full of "vitamins" because it was "organic" according to the majority of respondents.
Decreased diversity and increased dependence
The three impacts discussed in previous sections resulted in the outcome (a) reduced diversity of food and food sources and (b) dependence of SES on external food markets and government subsidies (Figs. 5, 6 ).
The food plate activity illustrates that items bought from the market in the past were mainly salt, rice and chillies. On the other hand, those herders who had smaller land holdings and/or spent more time in the goths, bought items such as rice, wheat and maize either from lowland villages or by loading their pack animals (yaks and horses) once a year in the month of December, from the Geyzing (the capital of West Sikkim) market. This practice has drastically changed since the pre-merger period. Among the top three drivers of change in food diets recognized by lowland and highland activity participants were interference by wild animals, subsidized rice from the government (or availability of rice from markets) and the increase in [external] markets. The ban on slash and burn practice was also described as a major driver by the lowland participants. When the government gave 35 kg rice it was as if in an empty night, the moon came out! …And now it is really good. The 5 kg per person… even a one month old child gets 5 kg. They cannot eat so much. That is very useful for the family then." "I do not think so that we needed the BPL rice. Because the house had all the stock of wheat and corn, a lot of it. And at night they made a lot of items… We ate that and slept. In the morning also. It was good for health also." "Some used to sell it [rice] to other families and some would make chaang (fermented beverage) from it. And some offered it to the people who would come to work in their fields."
Decline of state cereal crop markets R12, VLW, GPU scale "If they plant dhaan (paddy) there is no point as rice comes from the plain area. Everybody buys that and eats. So people think planting dhaan is a waste of time."
1 3
The three main food sources which were identified from the past were subsistence farming, forest foraging and livestock husbandry. They provided a high diversity of foods for people, feed for livestock and manure for subsistence crops, as described in Table 3 . It is clear that the three drivers continue to strongly interact and are the main drivers of the decline in diversity. Another important driver that interacted with these three was the rise of external markets and increased income which have made it possible to buy "anything" according to a government actor (R19).
Threats to the local SES
The impacts and outcomes currently result in multiple threats to income and food security of the communities. Respondent narratives around the threats are presented in Table 4 . Decisions made based on a snapshot in time may have created more problems and threats rather than eradicating old ones of poverty and lack of roads, a concern for most respondents at the local scale. Disease in large cardamom crops is already bringing lower yields for some farmers, coupled with fluctuating market prices. National insurance for poor farmers covers damages > 40% to any agricultural crop, due to a natural calamity. Large cardamom falls under the category of horticulture crops, therefore, is not covered in case of an epidemic (R12, GPU scale). This makes livelihoods of those farmers vulnerable, who are now largely dependent on monocultures.
In response to the uncertainty of livelihoods of farmers dependent on large cardamom monocultures, several government actors interviewed, expressed that cardamom cultivation was farmers' own choice and their job as officials was to create awareness and not to impose any particular practice. They also expressed that the traditional integrated system of farming would help farmers to cope with market price fluctuation or diseases, as farmers still maintain a livestock population.
Discussion
In synthesizing the results of this case study, four main insights emerge. First and second, the case exemplifies "institutional monocropping" and illustrates several instances of institutional misfits. Third, a "global cloud" over the remote region is adding to the region's loss of diversity and vulnerability. Fourth, diversity in and of SES can create resilience, for example, in food systems.
During the pre-merger period, the monarchic rule supported an integrated livelihood system of herding and farming through an access given to the forests, while maintaining a tax on livestock herding. The benefits of dietary diversity obtained from the integrated practice of livestock herding in forests and agriculture are highlighted in a case study from Ethiopia (Baudron et al. 2017) . Informal community institutions (Dietz et al. 2003) appear to have played a big role in managing the traditional gothwala system in the forests (examples in Bhasin 2011). It is not known to what extent the tax and informal institutions contributed to ecosystem maintenance and/or if it was meant to exert feudal power. Our interviews clearly suggest that a more diverse food portfolio was consumed traditionally, enabled by a strongly integrated livelihood and diverse production system. Education rates were low, however, and the life as described by several village actors was that of hardship due to the toilsome practice of subsistence agriculture to save up food for the entire year. The personal experience of the horticulture head at the state scale (R19) suggested a positive shift in economy and thus a higher standard of living across remote villages in Sikkim.
Table 3
Food and food resources of the past, and reduction in diversity Monocultures of large cardamom in the lowland and hybrid, off-season vegetables in upland "When I was 10-12 years old there wasn't margin for cardamom… there was more corn and potato… there was big fields of corn… it was difficult because it was huge… we used to sow wheat also along with that… rotation between wheat and corn and others…" (R1, local scale, lowland) "Earlier agriculture was the only life line, it was a tough task but still it was due to combined efforts of all the people as they used to support each other so they could survive for a year…But then everyone left agriculture and started cardamom cultivation." (R6, local scale, lowland) "…But cardamom used to be in forest areas. They have never cultivated cardamom in paddy field, or in dry field or in their private field also. Because that was a practice they used to take up in those days in the jungles and all." (R14, Horticulture head, district scale)
Buckwheat and ooa

No replacement
The ban on slash and burn practice discontinued production of buckwheat and ooa (similar to wheat) (Sect. 4.1.1) Loss of local knowledge Loss in diversity of food sources can cause loss of local knowledge "Made from this wax kind of thing from oak trees, we used to have tea. It has stopped. I have not seen it… People do not even remember it. It has become like a tale of the past." (R4, local scale, lowland)
Disease/epidemic in monocultures Lower yields due to on-going disease in large-cardamom "The same land, the same type of crops are not giving those many yields. We are alive only because the rates are still high. The technique to plant them has also changed which is not so successful. Maybe something is going wrong with the land."
(R1, local scale, lowland)
Reduced soil quality Past subsidies on urea have hardened the soil at local SES Cardamom monocultures can reduce soil fertility "Earlier the department used to give it. But now that has been stopped. Manure is definitely needed. So we started keeping one or 2 cows in the house. But the cow manure has not been of much help. We don't even plant corn anymore. Maybe the urea has ruined the soil so the manure is ineffective now."
Food insecurity A stop to distribution of subsidized rice, lack of labor and shortage of land can threaten food supply "If we don't get BPL [subsidized rice] then it will be difficult. We will eat more of wheat and maize flour." (R5, local scale, highland) "If there's a strike, a war in the future, and the rice stops coming from outside then [the children] should learn the practice of agriculture. Right now the rice comes from Siliguri, it's not grown here." (R2, village head, local scale, lowland) (Appendix 2 quote 1)
Post-merger policies and the influence of the "global cloud" (Sect. 5.3) have weakened the integrated livelihood practice over time, homogenizing and threatening the food system (Sects. 4.2, 4.3) by reversing the old "diversity triangle" (Fig. 7) . Certain measures for poverty alleviation for the local SES were not differentiated from rest of Sikkim or the Indian subcontinent. The case re-emphasizes a lack of mountain perspective in development strategies in India (Maikhuri et al. 2001) . The results indicate that local history, social-ecological context, and effects of cross-scale interactions need consideration for policy implementation.
A case of institutional monocropping
The overall policy approach concerning agriculture, food and forests fails to draw links between its resources, and the diversity of needs among geographically and historically different local SES where policy implementation occurs (Appendix 2 quote 2, Sects. 4.1, 4.2). Such an approach has been termed as "institutional monocropping" by Evans (2004) .
Agriculture schemes were mandatorily implemented leading to economic inequality between the lowland and upland communities. This is a problem associated with intensification due to inequitable distribution of market opportunities (Carswell 1997) . The step to ban grazing has adversely affected the upland communities due to smaller land holding size and non-suitable climate to grow pricey commercial crops. While bringing inequality, the policy context is also replacing communities' individual practices with the same type of knowledge, due to a shift in food diets (Table 3) . Fig. 7 From an integrated livelihood system during monarchic rule which provided a diverse portfolio of food, to separation of these systems due to parallel focus on poverty alleviation and conservation during the post-merger period, causing the "diversity triangle" to reverse and homogenize the food system. These changes were brought in synergy with a "global cloud"
A case of misfits
Our study recognizes that policies shift focus to commercial agriculture as it contributes to income security of farmers. A shift in focus of policy is inevitable with changes in global economy Pingali (1997) . However, in this case, the separation of social and ecological components for poverty alleviation and conservation goals in the post-merger period (Fig. 7) has led to several institutional misfits. The following four examples from the case study illustrate why the needs of diverse local SES should not be generalized.
First, Sikkim recently launched the Organic Mission programme, by certifying farmers' agricultural produce as completely chemical free. It is ironic since the farmers themselves are consuming rice as their main staple, supplied from external sources for PDS (subsidized food policy). The ban on grazing restricts manure production from cow dung which is essential for organic farming, making production output a greater challenge (Chakrabarti 2011) . The recent Mission Organic Value Chain Development (MOVCD) has notified turmeric, large cardamom, ginger and buckwheat for export sales. Three out of four are cash crops, of which buckwheat production has stopped in the local SES (Sect. 4.1.1., Table 3 ). This increases the incentive to grow cash crops and buy food from external markets.
Second, the PDS was started in the 1940s during the British colonial rule of India to which many reforms were made after India's independence (Mooij 1998) . Sikkim came directly under this policy post-merger, while the case study shows that there was a difference in needs of people ( Table 2 ). The subsidy discounted what the communities used to grow for self-consumption (rice does not grow in high altitude regions). In a similar case in the Central Himalayas, the PDS has caused a loss of traditionally grown crops (Maikhuri et al. 2001) .
Third, the conservation goals have come in direct collision with the relationship between local communities and their environment. There were no steps taken after the ban on grazing to improve the livelihoods of the herders. The community conservation program, set up by NGOs in collaboration with the Forest Department, appears to be an imposed view of what "conservation" means (Sect. 4.1.1).
There is a lack of evidence that justifies the step of a complete ban on grazing in selective sites or its success so far. A government document (Forests, Environment & Wildlife Management Department, 2010: 1) describes the "age old system of grazing" to be a "menace and nuisance" and that the ban has revived "sick and dying lakes" due to increased cattle population and consequent forest degradation. None of the reports (see Tambe et al. 2005) or academic papers (see Singh et al. 2003; Tambe and Rawat 2009) clarify if the local herders were consulted. This is a common case of excluding lower scales in environmental assessments (Reid et al. 2006 ). An ex-herder and elder of the village, had strongly disagreed with the logic behind the ban, claiming that grazing helped maintain moisture in the soil (Appendix 2 quote 3) (R5, local scale upland).
Fourth, the conservation goals have pushed the system to intensify commercial agriculture, which requires land for the increasing cardamom monocultures and other commercial farming. This is a paradox as global demand for agriculture is in collision with the conservation goals (Lambin and Meyfroidt 2011; Sayer et al. 2013) . Sikkim, being a mountain state, faces the challenge of land shortage and increased pressure from urbanization and infrastructure development (a concern expressed several times by government officials), contributing to Sikkim's existing food deficit situation (Food Security & Agriculture Development Department 2011).
The global cloud over the remote local SES
The large cardamom monocultures are being driven by potential global markets and state efforts to connect with the markets (Table 1, Kumar 2016) through existing national government schemes. Sikkim contributes to 88% of India's large cardamom production and is the second largest exporter of the crop in the world after Nepal (Sharma et al. 2016a ). Monocultures and corresponding lack of diversity have serious ecological and economic implications (Table 4) which can create "gilded traps" (Steneck et al. 2011) . The trend of integration of rural agriculture with global markets is on the rise (Mikulcak et al. 2015) . The replacement of subsistence foods with imported market products reflects "distancing" (Lambin and Meyfroidt 2011) , causing a disconnect between diets and food sources at a global scale (Gordon et al. 2017) . We term these distant global influences on the local SES as the "global cloud."
Outmigration of younger populations is another trend in developing countries (Hazell and Wood 2007) , which was given a push by the ban on grazing in the case study. The high rates of unemployment among the youth of Sikkim (Government of Sikkim 2015) , is yet another paradox since education and job opportunities are the main reason for outmigration to urban towns.
In 2015 World Bank provided funding to the northeast Indian regional ministry for the North East Rural Livelihood Project (NERLP), to distribute funds to "self-help groups". Their aim is to enhance on-going activities within the guidelines of World Bank, by collaborating with government departments and NGOs (R15, district scale). This intervention poses questions for providing social funds to communities for economic growth based on the present situation and potentially contributing to unsustainable practices such as that of the monocultures. World Bank and similar organizations have been heavily criticized for similar unsustainable outcomes (Young 2002) .
Resilience in diversity: local to global concerns
In this section, we take excerpts from the case study to tie-in global-scale concerns in relation to diversity of food. Past food sources at the local SES have drastically diminished, reducing the intake of diverse foods. Dietary diversity loss can reduce micronutrient adequacy (Steyn et al. 2006) . The distribution of hybrid seeds along with warmer climate has made vegetable production viable in the uplands which was not possible in the past. This can be viewed as increased diversity. While the increasing availability of products in the nearest markets also point to increased diversity (for example, Dame and Nüsser's 2011 case study in Ladakh), it demands an increased and stable monetary income and replaces subsistence foods (Table 3) .
In the lowlands, kitchen gardens have become smaller in size and replaced by cardamom monocultures. Similar trends of decline in traditional crops have been attributed to the introduction of hybrid seeds and commercial farming in neighboring countries of Pakistan, Bhutan, Afghanistan, Nepal and Bhutan (discussed in Maikhuri et al. 2001) . This is worrying because an increasing genetic uniformity gives rise to monopoly, threatening the resilience of food supply (Walker and Salt 2006) .
Forest foraging (Table 3) contributed not only to fodder for livestock growth (which provides a wide range of variety of protein-rich foods and meat) but also provided wild foods. Highly nutritious foods obtained from biodiversity are being replaced by globally marketed foods which are energy rich but less nutritious (Romanelli et al. 2015) . Serious concerns exist for the homogenization of agriculture through the adoption of uniform crops across the world (Carswell 1997) which threatens agrobiodiversity and the knowledge associated with it (Maikhuri et al. 2001) . The 2030 agenda acknowledges that both natural and cultural diversity is contributors to meet the Sustainable Development Goals (United Nations General Assembly 2015).
Cross-scale interactions are increasingly acknowledged in the literature associated with social-ecological systems (Liu et al. 2015b ) as well as sociohydrological systems (Pande and Savenije 2016; Pande and Sivapalan 2016) . Our case study is a step toward illustrating the outcomes of such interactions as observed by respondents of this study and the associated literature. Although multiple interactions were observed, this study is only an indication of how the many mechanisms operate in social-ecological systems. We show how such interactions can be understood and visualized. Further development of theory, methods and empirical case studies will help develop an understanding of how such interactions can be governed to meet the needs of local communities on a connected planet.
Conclusion
The aim of this study was to understand the influence of cross-scale interactions on a local SES in Sikkim by observing changes in its agricultural system. The results suggest that despite its remote location, the SES is highly influenced by higher scales. The integrated livelihood practice is being eroded over time, at the hands of uniform development goals, making the system highly vulnerable to shocks. The vulnerability arises due to homogenization of food sources and an increased dependence on external markets and government subsidies for food and income. Future studies should focus on assessing nutritional changes with relation to trends of foods obtained from agriculture, livestock, forests and markets.
Economic inequality between the lowland and upland communities has emerged due to a failure to address diverse needs. Acknowledging diversity of individual SES emerges as a key factor for consideration during management. A one-size-fits-all approach (Ostrom and Cox 2010) can lead to misfits at local scales. The case study has broader implications, suggesting that policy interventions that aim to optimize natural resources for shortterm gains and reduce diversity in ecosystems (Walker and Salt 2006) . This process can be facilitated further if policies act in synergy with one another (Bunce et al. 2010) and "global clouds" to eliminate options at a local SES. The amplified result could be a threat to global resilience (Cash et al. 2006) due to a loss of social-ecological diversity, as local processes influence global SES through summation (Gallopin 1991) . Thus, an understanding of such cross-scale dynamics can greatly inform long-term development goals. As a first step, a participatory scenario planning exercise (Oteros-Rozas et al. 2015) , while comparing diverse needs of lowland and upland residents, could greatly contribute to cross-scale management for desirable futures of food and livelihoods at the local SES. 
